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1      Introduction
“Sustainable development” as proposed by the 
Brundtland Commission in 1987, the holding 
of the Rio Conference in 1992, and the coming 
into force of the Kyoto Protocol in 2005 all 
contributed to steady progress in addressing 
environmental issues, fostering the awareness 
of the need to reduce environmental loads as a 
key to the development of any market economy. 
While the 20th century was an era of economic 
growth and increased energy consumption, the 
21st century inevitably emphasizes effective 
use of l imited resources and minimization 
of environmental loads to ensure sustainable 
development of societies and economies.
In the physical world (the ‘hard’ innovation 
-driven world), which consists of hardware, such 
as products, and the technologies to produce, 
transport and distribute this hardware, the above 
awareness is rapidly being enhanced and spread. 
Concepts such as recycling-oriented life cycle 
assessment (LCA) and minimal manufacturing 
(which aims to manufacture products with 
minimal resource inputs, using minimal energy), 
are primary examples of hard innovation toward 
sustainable development.
Although the 21st century is undergoing a rapid 
transition from the industrialized society typical 
of the 20th century to an advanced information 
society, there has been insufficient discussion 
on how to improve efficiency and minimize the 
consumption of energy associated with advanced 
information processing and communications. 
In particular, now that the service industry 
accounts for over 70% of the U.S., Japanese 
and other developed economies, a transition 
from hard innovation to ‘soft’ innovation and 
service innovation has become a significant 
issue. As information distribution technologies 
and services driving such innovations advance, 
concerns have risen over the increasing amounts 
of energy consumed by information processing 
and communications.
People tend to associate energ y i ssues 
on ly with the energy used for t ranspor t,  
distr ibution and manufactur ing. However, 
energy consumption related to information 
and communications technology (ICT) is now 
attracting global attention. To what extent does 
energy consumption of ICT (energy consumption 
of ICT equipment and infrastructure) contribute 
to total energy consumption and how it is 
expected to increase in years to come should be 
carefully evaluated. Controlling and restricting 
energy consumption is crucial to any discussion 
on sustainable economic development and 
industrial competitiveness.
Japan is changing its IT strategy from the 
e - Japan Priority Policy Program, the goal of 
which is to construct an extensive broadband 
information infrastructure, to u - Japan Policy, 
which seeks to further promote the service 
and content industries. This would require 
a  compr ehe n s i ve  d i s c u s s ion  on  e ne r g y  
consumption in a future ubiquitous network 
society to ensure that energy issues do not inhibit 
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the planned development. There is also a need 
to consider social scientific perspectives of ICT, 
in light of the essence of communication as the 
foundations of ICT.
This article analyzes the current state of 
the ICT sector and energy consumption from 
the above perspectives and seeks to inform 
decision-making regarding the direction future 
research should take.
2      Energy consumption
       in the ICT sector
The amount of energy consumed by the most 
common ICT equipment has reduced steadily 
over the passage of time. For example, the mobile 
telephone evolved from a bulky shoulder bag-size 
model before 1990 to a hand-held type in the 
1990s. However, the product still weighed over 
300 grams and its battery standby time was only 
a day at the most until the late 1990s. Since then, 
mobile handsets have dramatically reduced in 
size and power consumption with the advance 
of digitization, enabling a battery standby time of 
over 500 hours (about 20 days) today.
However, even current technology requires 
a  phone ca l l  bet ween t wo pa r t ies  to  be 
connected via many information processing and 
communications devices. The energy used per 
call cannot be calculated simply by summing the 
energy consumed by these devices individually, 
because they are shared among many callers. 
Tsukamoto solved this problem by drawing a 
chart that incorporated estimates made by Murata 
and others as shown in Figure 1, and estimated 
that 18 W of power is used for a single phone call. 
It should be emphasized more strongly that ICT 
consumes a sizable amount of energy.
3      Perspectives and recent
       debate on ICT and energy
3-1    Debate in the U.S.
In the U.S., researchers estimated in the late 
1990s the extent to which power consumption 
would grow as personal computers and other 
electronic equipment made their way into 
offices and as the Internet proliferated, and drew 
attention to potential problems.
Mark P. Mills estimated that the energy used 
Figure 1 : Electricity consumed by the communications infrastructure
Prepared by the STFC based on Reference[4]
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by Internet- related equipment accounted for 
8% of the total American energy consumption 
in 1999[1], initiating debate on ICT and energy 
issues in the U.S.  A round the same t ime, 
Kawamoto and others in the End-Use Energy 
Forecasting Group of the Environmental Energy 
Technolog ies Div is ion (EETD),  Lawrence 
Berkeley National Laboratory, U.S. Department of 
Energy (DOE), reported the results of a detailed 
analysis of electricity used by 11 types of office 
equipment in FY 1999[2]. It was found that office 
equipment consumed 71 TWh of electricity 
in 1999, and when combined with 3 TWh, the 
annual amount used by network equipment 
(not including communications equipment), 
the total reached 74 TWh per year, which 
accounted for approximately 2% of national 
power consumption. Although much different 
from the estimate by Mills, the proportion of 2% 
was considered a more reliable reference value 
for 1999 because the analysis performed by 
Kawamoto's team was more exhaustive.
S i n c e  t h e  19 9 9  e s t i m a t i o n  a t t e mp t s ,  
communications traffic has been increasing at 
an annual rate of 40%, and the major power 
consumer among ICT equipment has changed 
from office and home PCs to routers, the function 
of which is to route massive amounts of data. This 
suggests the need for an estimation that takes the 
ICT infrastructure into account. The electricity 
used by office equipment and home PCs has 
not grown so much due to the fact that their 
performance has improved, thanks to advances 
in technology to reduce power consumption 
in stand-by mode (low-load conditions). Such 
technology to interrupt the power supply 
to circuit blocks under low load, although 
effective for office equipment and home PCs, is 
difficult to apply to equipment used in the ICT 
infrastructure, whose chips and circuits operate 
constantly under high-load conditions. Therefore, 
a consensus is being built in both government 
and industry that a debate is needed to consider 
the fundamental reengineering of ICT devices 
and circuits as well as network architecture.
3-2    Debate in Japan
In Japan, faced with growing electricity usage 
driven by increased communications traffic, 
the NTT Group has examined ICT- related 
e lec t r ic i t y  consu mpt ion.  B ecause  o f  i t s  
business structure, the NTT Group’s electricity 
consumption has a strong correlation with the 
electricity consumption of its communications 
network infrastructure and with the demand for 
communications from its clients.
The graph in Figure 2, which is reprinted from 
NTT West’s Web site[3], shows how advances in 
information technology will most likely triple 
the company’s electricity consumption (from 3.4 
billion kWh to 10 billion kWh) between 1990 
and 2010 if no action is taken. Although this 
Table 1 : Best estimate of annual electricity used by U.S. office equipment in 1999, TWh/year
 (Kawamoto, et al. Laurence Berkley Laboratory, 1999)
Equipment Type Residential Commercial Industrial Total
Portable Computer 0.14 0.13 0.02 0.29
Desktop Computer 2.67 10.21 1.46 14.34
Server 0 1.60 0.23 1.83
Minicomputer 0 8.86 2.95 11.81
Mainframe 0 5.62 0.63 6.25
Terminal 0 1.83 0.61 2.44
Display 3.13 9.82 1.40 14.35
Laser Printer 0.10 5.36 0.77 6.23
Inkjet/Dot Printer 1.10 1.56 0.22 2.88
Copier 1.10 5.71 0.82 7.63
Fax 0.44 2.26 0.32 3.02
Total 8.7 53 9.4 71
Prepared by the STFC based on Reference[2]
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increase is not entirely attributable to ICT, there 
is no doubt that the growth of ICT will make a 
significant contribution to it.
NTT Facilities reported that the NTT Group 
purchased 6.6 billion kWh of electricity in FY 
2002. This accounts for 0.8% of the total power 
generated in Japan, and the company estimates 
this rate increased to 1.0% by 2006. The NTT 
Group is trying to reduce its power requirements 
by strengthening power conservation measures 
such as supplying direct current to broadband 
communications equipment (e.g., servers, 
routers) in an attempt to curtail transmission loss 
and AC/DC conversion loss. The group also aims 
to become self-reliant in power supply through 
power generation and other measures, but being 
self - reliant will not directly lead to reduced 
power consumption.
3-3    Issues to be addressed in the future
Internet traffic has increased exponentially as 
Figure 3 shows. The major factor behind this is 
a change in the nature of data being transferred 
over the network from text information, which 
predominated until the late 1990s, to music and 
still/moving images, which generate larger traffic 
Figure 2 : NTT Group’s power consumption: projected growth and reduction target
Prepared by the STFC based on Reference[3]
Figure 3 : Projected growth of Internet traffic
Prepared by the STFC based on Reference[4]
36
S C I E N C E  &  T E C H N O L O G Y  T R E N D S
37
Q U A R T E R L Y  R E V I E W  N o . 2 1  /  O c t o b e r  2 0 0 6
flows.
As Table 2 shows, e -mail messages mainly 
consisted of text (a few kilobytes per message) 
until five to six years ago. They then progressed 
to include still images (a few tens of kilobytes to 1 
megabyte) three to four years ago and then, in the 
past year or two, have come to include moving 
images (a few megabytes). Today's Internet traffic 
is mainly comprised of the exchange of music and 
video files. At one point, such traffic accounted 
for as much as 90% of the backbone traffic 
between Tokyo and Osaka. These facts highlight 
the proliferation of software to enable so-called 
P2P (peer-to -peer, i.e., direct communications 
between computers with no intermediate server) 
file sharing as a significant factor in the growth of 
traffic.
The wide availability of mobile telephones 
has  had a  s t rong impact  on increases i n 
communications traf f ic and the expansion 
o f  t he  com mu n ic a t ion s  i n f r a s t r u c t u r e .  
Whi le communicat ions over the Internet 
involve distribution of relatively large -volume 
(megabyte - size) content files, mobile phone 
communications consist of not only distribution 
of large still and moving image files but also 
frequent transmissions of small bits of data. Like 
sensed data in a ubiquitous network, these small 
bits of data must be transferred in real time 
and therefore require constant operation of the 
receiving network and frequent routing. Since 
there can be a trade-off relationship between 
a ubiquitous network's benefits and energy 
consumption, these issues should be discussed 
with the overall balance in mind.
Communications traffic in Japan has grown 
faster than Moore’s Law, at an annual rate of 
40%, since the latter half of the 1990s and is still 
growing at the same pace. With a further increase 
in data traffic expected, driven by a full-fledged 
spread of video distribution and other products 
resulting from the convergence in broadcast and 
communications and by wider availability of 
online public and information services, this rapid 
growth will no doubt continue for at least the 
next few years.
4      Energy consumption of ICT
       infrastructure equipment
A s  t he  IC T  i n f r a s t r u c t u r e  g r ow s  a nd  
communications traffic continues to rise, the 
increase in the number of installed servers, for 
sending and receiving information, and routers, 
for routing data, becomes increasingly significant. 
The Energy Conservation Technology Strategy 
Report, released by the Ministry of Economy, 
Trade and Industry in June 2002, estimated 
annual electricity consumption of servers in Japan 
to be 8.4 billion kWh and that of routers to be 
3.6 billion kWh. These estimates for growth are 
becoming a reality today (Table 3).
By performing an in - depth analysis of the 
router structure and taking lower-power LSI 
chips and other relevant factors into account, 
Hasama projected electricity consumption for 
routers together with growth in data traffic, 
as shown in Table 4[4]. His projection suggests, 
assuming communications traff ic continues 
to grow by 40% annually as it did in the past 
several years, that the electricity used annually 
by routers will increase 8 times to 15.8 billion 
Table 2 : History of mobile telephone development and data traffic growth
Feb. 1999
NTT DoCoMo starts the “i-mode” service
• Transmission of text information from mobile terminals (up to 1 KB)
• Text content browsing (up to a few KB)
Nov. 2000
J-Phone (now Vodafone) starts the “Sha-mail” picture transmission service
• Transmission of still images from mobile terminals (a few 10s of KB)
• Introduction of handsets with color LCD screens
• Image content browsing
Oct. 2001
NTT DoCoMo starts the FOMA service (3G in 2 GHz band)
• Faster data transfer: 9.6 Kbps → 384 Kbps (while not moving)
• Start of the video phone (moving image) service (a few 10s-100s of KB)
Nov. 2003 au starts a flat-rate packet communications service (toward a MB era)
Jun. 2004
NTT DoCoMo starts a flat-rate packet communications service
• Unlimited data exchange at a flat rate (toward a MB era)
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kWh by 2010 and nearly 600 times to 447.8 billion 
kWh by 2020. This 2020 figure would account 
for an astonishing 50% of Japan's annual power 
generation, should the generation capacity remain 
around 920 billion kWh. Hasama’s projection 
implies that if electricity consumption of routers 
grows without taking advantage of low-power 
LSI technology, Japan will face an energy crisis. 
However, the figure of 48.7% is based on the 
worst-case scenario and will not become a reality 
if new LSI chips with lower power consumption 
continue to emerge at the current pace.
People tend to be optimistic about the future 
of LSI power reductions because they have seen 
many electronic appliances successfully reduce 
their power requirements. However, routers 
marketed in the future are unlikely to benefit 
from power reductions enabled by technologies 
to shut off the power to certain circuit blocks 
during low- load conditions and by smal ler 
transistors, or so -called LSI scaling, which has 
traditionally played a key role in reducing power 
requirements. It should be noted that scaling 
technology faces challenges such as that in 
miniature MOS transistors at 90nm or below 
in line width, gate leakage current offsets the 
power reduction effect generated by scaling 
and that lowering the transistor’s threshold 
Table 3 : Number of installed servers and their power consumption
Item
Avg. power 
requirements 
(W)
Installed units 
in FY 2000
Operating units 
(as of FY 2000)
Annual 
operating 
hours (h/yr)
Annual power 
consumption 
(MWh/yr)
Crude oil 
equivalent 
(kl/yr)
Server
Mainframe (large) 60,000 456 5,018 8,760 2,637,461 245,213
Mainframe 
(small to medium)
7,500 1,034 8,491 8,760 557,859 51,866
Midrange computer 
(high-end)
5,000 9,753 21,591 8,760 945,686 87,923
Midrange computer 
(middle)
1,000 25,154 139,823 8,760 1,224,849 113,878
Midrange computer 
(low-end)
400 123,660 383,542 8,760 1,343,931 124,949
PC server 300 326,496 649,326 8,760 1,706,429 158,652
Subtotal 486,553 1,207,791 8,416,215 782,480
Router
High-end ATM switch 2,000 6,800 14,260 4,380 124,918 11,614
High-end router 1,200 225,000 4,380 1,182,600 109,950
Midrange router 200 2,625,000 4,380 2,299,500 213,791
Low-end router 30 15,000 4,380 1,971 183
Subtotal 2,879,260 3,608,989 335,538
Total 4,087,051 12,025,203 1,118,019
Servers’ power consumption: 8.4 billion kWh/yr; Router’s power consumption: 3.6 billion kWh/yr
Prepared by the STFC based on Reference[4]
Table 4 : Projected power consumption of routers
2001 2004 2010 2015 2020
Traffic growth rate (40%) 1 2.7 21 111 597
Projected traffic (Tbps) 0.12 0.324 2.4 13 71
Routers’ power consumption (100s of millions kWh/yr) 7.5 20 158 833 4478
Ratio to national power generation (assumed 920 billion kWh/yr) (%) 0.08 0.22 1.7 9.0 48.7
LSI operating voltage (V) 5.0 3.3 2.5 1.0 0.8
Ratio of reduced power consumption of electronic equipment 1.0 0.44 0.25 0.04 0.03
Routers' power consumption with lower voltage LSIs (100s of millions kWh/yr) 7.5 8.8 40 33 134
Ratio to national power generation (assumed 920 billion kWh/yr) (%) 0.08 0.1 0.4 0.4 1.5
Prepared by the STFC based on Reference[4]
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voltage is difficult because of process variation. 
These issues need an R&D approach that even 
reviews fundamental device structure. On the 
other hand, technology to interrupt the power 
supply to circuit blocks under low load, an area 
where Japanese manufacturers have excelled, 
may not be effective for routers, because routers 
are constantly operating under heavy load. 
In recognition that reduction of electricity 
consumption is difficult to achieve on routers 
operating as the core of the communications 
infrastructure, energy issues in the ICT sector 
need to be discussed systematically from different 
perspectives such as devices, equipment and 
network architecture.
Japan leads the world in hardware technologies 
such as mater ia ls, devices and low- power 
circuits. The country is also ahead of many 
others in optical device technology, which 
can be a substitute for electronic technology. 
Japan should systematize and strengthen these 
technologies in the future, with ICT and energy 
issues in mind. There is a particular advantage 
in using optical technology: Although inefficient 
for small - scale implementations because of a 
significant loss of energy during photon-electron 
conversion, optical technology improves energy 
efficiency in large-scale implementations, where 
gain exceeds loss and efficiency increases as 
capacity is enhanced. In the U.S., IBM and other 
organizations are considering the use of optical 
backplanes for next-generation supercomputers. 
In Japan, the introduction of optical technology 
is under discussion among the researchers 
participating in a next-generation supercomputer 
project led by the Min istr y of Educat ion, 
Cu ltu re,  Spor ts,  Sc ience and Technology 
(MEXT) for connection between nodes, and 
is being considered by Hitachi for router 
backplanes[5]. The Ministry of Internal Affairs and 
Communications (MIC), the National Institute of 
Information and Communications Technology, 
the Ministry of Economy, Trade and Industry 
(METI), and the National Institute of Advanced 
Industrial Science and Technology (AIST) are 
also conducting studies toward the use of optical 
backplanes for electronic routers.
As mentioned above, issues surrounding ICT 
and energy encompass different government 
functions from MEXT, which is in charge of 
device and other basic technology research, 
to MIC and METI, which are responsible for 
applied technologies, suggesting the need for 
a systematic solution. The government should 
formulate a grand design that includes everything 
from devices and communications equipment 
to networks and power generation, although a 
debate is necessary to decide whether to take 
a cross - sectional approach or area - specif ic 
approach.
Now that the electricity purchased by the 
NTT Group is double the amount it was in 
1990 and that next - generation core routers 
for communications are expected to require 
megawatt - range power, Japan is in urgent 
need to accurately ascertain its current status 
and plan actions to be taken in this area. On 
March 30, 2006, AIST hosted the “Symposium 
on In format ion and Energy,” at tended by 
experts from telecommunications operators, 
communications equipment manufacturers 
and universities as well as policymakers, and 
active discussions were held. As this event 
demonstrates, growing attention is focused on the 
issue of ICT and energy.
5      Concerns about increases in
       energy consumption associated
        with the expansion of
       global ICT infrastructure
The data collected by S.H. Yook[4] indicates 
that if the number of installed routers, which 
now exist main ly in developed countr ies, 
increases according to population distribution, 
a global energy crisis will occur (Figure 4). 
Especially in China, India and other countries 
that are experiencing rapid economic growth 
and have enormous populations, infrastructures 
for telephone, the Internet and TV (video 
distribution) are often built concurrently, and 
once these infrastructures are completed, 
communications traffic can increase explosively. 
Even though the pace of growth may level off 
eventually, the potential for tremendous increases 
in traffic in these regions poses a serious concern.
The problem is not limited to the number 
of installed units but extends to the growth in 
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the speed and size of high-end routers residing 
on backbone networks. The top - of - the - l ine 
routers of Cisco Systems, a U.S.-based vendor, are 
designed to use as much as 2 MWh of electricity. 
Given that the Earth Simulator, Japan’s fastest 
supercomputer, operates at 6 - 8 MWh, power 
consumption levels of these routers are high 
enough to redefine the traditional notion of 
routers. The Earth Simulator and many other 
supercomputers around the world consist of a 
few tens to hundreds of units placed in rows 
in a room as large as a gymnasium and require 
an air conditioning system that uses as much 
power as the supercomputer itself to cool the 
exhaust heat from numerous units. Unl ike 
supercomputers, whose ownership per country 
is very limited, top-end routers will have to be 
installed in substantial numbers across the world 
as long as the current communications network 
architecture is retained.
6      Research issues in ICT’s
       social scientific aspects
Previous sections focused on identi fying 
problems by reviewing R&D in hardware and 
the current state of growth in communications 
traffic. However, social scientific perspectives are 
also important in examining the ICT sector.
A lthough Figure 3 and Table 4 pred ic t  
by extrapolation of current conditions that 
com mu n icat ions  t r a f f ic  w i l l  soa r  by  a n  
astounding 40% annually, some may doubt if 
communications traffic will continue to grow at 
the current pace even in regions with a sufficient 
information infrastructure. There are limitations 
to humans' information processing capacity as 
long as they exchange information using the five 
senses as the interface.
Never theless,  humans have a desi re for 
information, an inherent desire to seek as much 
information as possible, even where the amount 
of information exceeds their capacity to process 
it. In a questionnaire survey conducted around 
1990, a time when mobile telephones were not 
yet widely available, most of the respondents 
answered, when asked whether they would use 
mobile telephones if any became available, that 
they would not need such telephones. Many 
also answered that they would not use functions 
to transmit text messages and pictures even if 
they were enabled. However, the reality today is 
Figure 4 : Global distribution of installed routers and populations
Prepared by the STFC based on Reference[4]
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that the majority of the Japanese, the young and 
the old alike, are familiar with these functions 
and even use more advanced services such as 
music and video distribution on a routine basis. 
Moreover, exchanging e-mail via PCs and mobile 
telephones has become the mainstream mode 
of communication. Sending e -mail via a PC or 
mobile telephone, even to communicate with a 
person sitting next you, is nothing unusual any 
more, especially among younger generations. 
From a purely resource - saving viewpoint, it 
would be preferable to restrict such actions that 
require the data, directed to the person in the 
next seat, to travel a few tens, or sometimes a 
few tens of thousands, of kilometers over a huge 
communications infrastructure. However, this 
issue is not simply about sending information, 
when viewed from the perspective of the 
significance of communication.
A debate on sustainable development often 
concentrates on restrictions, such as saving 
petroleum resources, but in the ICT sector, 
such a debate should start by determining from 
which standpoint the debate should be held. A 
common view is that the limitations of disposable 
income, combined with increased costs as a 
result of increased energy consumption, will 
naturally restrict the volume of information that 
people will be able to obtain. However, curtailing 
communications costs can be more difficult 
because the process of satisfying the desire for 
information may be more complex.
Fo r  ex a mple ,  t he  Fa m i l y  I ncome  a nd  
Expenditure Survey conducted by the Statistics 
Bureau of the Management and Coordination 
Agency (now the Ministry of Internal Affairs and 
Communications) shows that while consumption 
expenditure per household has declined since 
1995 (from ¥329,062 in 1995 to ¥266,508 in 
2005), the ratio of spending on transportation 
and communication to total expenditure has 
expanded (from 10.0% in 1995 to 13.0% in 
2005). The statistics on monthly income and 
expenditure by income quintile group, for which 
households are divided into f ive groups by 
annual income level, also suggest that spending 
on transportation and communication accounts 
for 10.8% to 14.0% of the total expenditure 
regardless of the family's annual income. This 
makes transpor tat ion and communicat ion 
distinguishable in nature from normal goods 
(goods for which demand increases as the 
incomes of consumers increase, e.g., clothing, 
education and entertainment) and inferior goods 
(goods for which demand falls as the incomes 
of consumers increase, e.g., food). For instance, 
families often give a high priority to spending 
on mobile telephones even when they have to 
curtail other expenditures, a tendency that is not 
observed in their spending on other consumer 
goods.
Hu mans  tend to  pu r sue the  des i re  for  
information beyond their cognitive capacity. With 
this in mind, increases in information processing 
and communications traffic should be examined 
from the viewpoint of cognitive science. This 
poses a major challenge in the interdisciplinary 
field spanning engineering and social science.
7      Conclusion
Quantitative discussions on energy issues 
in connection with ICT have started in many 
parts of the world. In the U.S., the Department 
of Energy (DOE) and the Institute of Electrical 
and E lect ron ics  Eng i neers ,  Inc.  ( IEEE ,  a  
U.S.-based electrical and electronics professional 
association), as well as IBM and Intel in the 
private sector, are seriously addressing this topic. 
On the other hand, activities in Japan are still in 
their early stages as MIC and the NTT Group have 
just initiated their own efforts. The development 
of the information infrastructure under the 
e - Japan Priority Policy Program has brought 
the rapid proliferation of ADSL, FTTH (optical 
fiber) and other broadband circuits, while the 
burgeoning of content businesses to distribute 
music and video has led to a surge in data 
traffic (information distribution) at a stunning 
annual rate of 40%, exceeding Moore’s Law. 
This has resulted in a sharp increase in energy 
consumption. It is a little known fact that the 
electricity purchased by the NTT Group is already 
almost double the amount in 1990, accounting 
for as much as 1% of the total power generated in 
Japan.
Since substantial progress has been made 
in reducing the power consumption of ICT 
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equipment for use in homes and offices, people 
tend to be optimistic about the resolution of 
energy problems. However, reducing energy 
consumption of the ICT infrastructure may not 
be as easy as this. The equipment used for the 
communications infrastructure must constantly 
operate under heavy loads and has reached 
a phase where conventional energy - saving 
technologies can no longer bring about the same 
effects as they did in earlier models. These issues 
raise the need to start R&D that will review 
the fundamental device structure, and these 
technologies should be systematically examined 
from different perspectives, including devices, 
equipment and network architecture.
At  the  sa me t i me,  debates  a re  needed 
on the social scientif ic aspects of ICT. The 
des i re  for  i n for mat ion  a nd i ncrea ses  i n  
communications traffic should be discussed from 
a cognitive scientific viewpoint, and the notion 
of consumption should be reviewed from more 
detailed economic perspectives, in light of the 
essence of communication as the foundations 
of ICT. These pose major challenges in the 
interdisciplinary field spanning engineering and 
social science.
These energy problems in the ICT sector could 
prove to be critical in sustainable development of 
Japan and the world.
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